ABSTRACT White meat is the most economically valuable part of a broiler chicken. Increasing white meat relative to overall body size (white meat percentage, WM%) makes a broiler, gram for gram, a more valuable animal. However, accurately measuring WM% requires removing the bird from the breeding flock. Identification of markers for genomic regions associated with WM% would allow direct genetic selection on breeders. The objective of the current study was to identify genomic regions affecting WM% and other growth and carcass traits in an F 2 cross between 2 commercial broiler lines that differed in WM%. Two commercial lines were crossed to generate 5 F 1 halfsib families of each reciprocal cross type. One male from each family was crossed with 3 females from each of the other families within each reciprocal cross type. Seven F 2 half-sib families, totaling 430 F 2 individuals, were ana-
INTRODUCTION
White meat, or the breast meat, is the most economically valuable part of the chicken (Stevens, 1991) . Because of the high genetic correlation (0.76) between white meat weight (TWM) and BW (Le Bihan-Duval et al., 1998) , selection for growth rate has resulted in increased TWM. Genetic correlations between BW and other, less valuable, parts of the chicken, however, are also high (Marks, 1995) . Because of these high correlations, selection for growth rate increases the weight of less valuable parts of the chicken as well as TWM. Birds with large breasts relative to BW can be more effectively selected by applying pressure on TWM as a percentage of BW (WM%) than by selecting only for TWM. Direct phenotypic selection on TWM and WM% is not possible because birds must be slaughtered to measure TWM. The genetic correlation Present address: Genetic Foundations, PO Box 1019, Philomath, OR 97390. 3 Corresponding author: sjlamont@iastate.edu 593 lyzed. Microsatellite markers (n = 73) on the 11 largest chromosomes were analyzed for associations with various growth and carcass traits by least squares interval mapping using line-cross, half-sib, combined, and parent of origin models. Sixty-eight QTL were identified at the 5% chromosome-wise level, including 6 QTL affecting WM%. Ten QTL reached 5% genome-wise significance, including 1 WM% QTL on Gga 2. The current study identified genomic regions harboring QTL affecting WM% and other carcass and growth traits, which may be useful for direct genetic selection, and also identified putative imprinted QTL in the chicken. The advantage of using multiple statistical models was evident because QTL were identified with the combined and parent of origin models that were not identified with the line-cross or half-sib models.
between WM% and BW is low (0.13 in males and 0.16 in females: Le Bihan-Duval et al., 1998) , so that selection for BW results in little progress in increasing WM%, even though the genetic correlation between BW and TWM is high. A common field alternative to measuring TWM or WM% is visual scoring by a trained observer on the live bird (conformation score, CS). However, the correlation between CS and WM% depends on the scorer and the criteria for scoring. Therefore, including information on genomic regions affecting WM% in a selection program through marker-assisted selection could increase the improvement made for WM% in a population.
Several studies have identified QTL for growth and carcass traits in the chicken. Many of the studies utilized F 2 crosses between various lines of chickens. Tatsuda et al. (2000) and Tatsuda and Fujinaka (2001) identified QTL for BW in a cross between Satsumadori and White Leghorn chicken lines. Tuiskula-Haavisto et al. (2002) used hens generated from a cross between a Rhode Island Red line and a White Leghorn line to find a QTL for BW and feed intake. Sewalem et al. (2002) , Ikeobi et al. (2002) , and Carlborg et al. (2004) crossed a White Leghorn line with a commercial broiler sire line to generate a mapping population to identify many QTL for growth and carcass traits. Kerje et al. (2003) and Carlborg et al. (2003) utilized a cross between White Leghorn and Red Jungle Fowl chickens to identify QTL for growth and BW. Sasaki et al. (2004) used a cross between a White Leghorn line and a Rhode Island Red line to identify QTL for BW. Siwek et al. (2004) used a population created by crossing 2 medium-heavy layer lines that were divergently selected for primary antibody response to sheep red blood cells to identify QTL for BW. Ikeobi et al. (2004) used a cross between broiler and layer lines to identify QTL for growth and carcass traits. Hansen et al. (2005) utilized a cross between meat-type and egg-type chickens to identify QTL associated with egg and growth traits. Several other population designs have been utilized to identify QTL for growth and carcass traits in the chicken. A 3-generation full-sib population derived from a cross of White Plymouth Rock lines was utilized by van Kaam et al. (1998 van Kaam et al. ( , 1999a and Jennen et al. (2004) to map QTL for growth and carcass traits. Deeb and Lamont (2003) used F 1 individuals from a cross between 2 broiler sires and dams from 2 highly inbred lines to locate QTL affecting BW at 8 wk of age. de Koning et al. (2003 ) used a commercial broiler 3-generation half-sib population design to confirm QTL that were previously identified on experimental crosses in commercial lines. An early stage (McElroy et al., 2002) of the present study utilized a half-sib model to analyze one F 2 half-sib family generated from a cross between male and female parental lines (described later) to identify QTL for various carcass and growth traits. The McElroy et al. (2002) study is the only one to date reporting QTL associated with WM%.
Many different statistical methods have been used to identify QTL. One of the most common methods used in animal agriculture is least squares regression interval mapping (Haley and Knott, 1992; Haley et al., 1994) because of its simplicity, low computational requirements, and wide availability of programs that use this method for QTL detection (see Seaton et al., 2002 , for a description of QTL Express, a user friendly Web-based program for QTL analysis using least squares regression). Within the statistical framework of least squares regression, many different models have been used to detect QTL, including half-sib (HS; Knott et al., 1996) , line cross (LC; Haley and Knott, 1992; Haley et al., 1994) , backcross , parent of origin Knott et al., 1998; Thomsen et al., 2004) , and epistatic models (Carlborg et al., 2000; Carlborg and Andersson, 2002) . The validity of some models, such as half-sib, LC, and backcross models, is at least partially determined by population structure. Other models, such as parent of origin or epistatic models, can be used within the framework of various population structures and can be used to identify genes that have expression patterns that do not follow Mendelian (Mend) expression. The objective of the current study was to identify and characterize QTL affecting WM% and other carcass and growth traits in an F 2 cross between 2 commercial broiler lines that differed in WM%.
MATERIALS AND METHODS

Experimental Population
The population was created by reciprocally crossing individuals from a founder broiler line used in generating male parents of commercial birds (line 1) with individuals from a dam broiler line used in generating female parents of commercial birds (line 2) to generate 5 full-sib/halfsib F 1 families for each reciprocal type. Line 1 had 2.7% higher white meat percentage than line 2. One male from each of these F 1 families was then mated to, on average, 3 females from each of the other F 1 families within his reciprocal cross type to produce 10 F 2 half-sib families. Shipment problems led to loss of DNA samples from multiple individuals from this cross, including some granddams, F 1 dams, and F 2 individuals. The remaining F 2 population for which DNA samples were available consisted of 204 males and 226 females from 7 F 2 halfsib families with 199, 42, 40, 39, 39, 37 , and 34 F 2 individuals, for a total of 430 F 2 birds. All but 2 of the individuals in the F 2 half-sib family analyzed by McElroy et al. (2002) were retained. Treatment of animals met or exceeded accepted guidelines presented in Guidelines for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) . Males and females from each hatch (n = 3) were raised in separate pens; thus F 2 individuals resided in 1 of 6 pens.
Phenotypes
Traits on all birds within a hatch were measured on the same day, and birds within a hatch were slaughtered on the same day. All birds were within 2 d of age of each other when traits were measured and when they were slaughtered (i.e., 40, 41, and 42 d) .
Phenotypes collected on the F 2 individuals at 6 wk of age were BW, which was measured prior to transport to the processing facility; BW after transport to the processing facility (harvest weight, HW); CS, a subjective measurement of body structure and fleshing made by a skilled technician; weight of the abdominal fat pad (FAT); weight of the carcass without giblets (WIOG); weight of the front half of the carcass (FNTH); weight of the fillet (pectoralis major, FIL); and weight of the tender (pectoralis minor, TEN). Eight additional traits were derived from these 8 primary traits: total white meat (TWM: 
Microsatellite Markers
Microsatellite markers on the 11 largest chromosomes (Gga 1 − 10 and Z) were selected (Table 1 ). This strategy allowed each marker to be linked to a larger portion of the genome than if some markers were on smaller Groenen et al. (2000) and Schmid et al. (2000) .
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Estimated positions of the markers on a chromosome were adjusted for the consensus map position of the first marker on that chromosome.
chromosomes, thereby maximizing the average per marker information. In addition to the 30 markers for the 11 largest chromosomes that were used by McElroy et al. (2002) , 43 new markers were selected; the goals were to create a 30-cM average interval between markers on the 11 largest chromosomes and high heterozygosity of F 1 sires. The final set of markers consisted of 13 on chromosome 1; 15 on chromosome 2; 8 on chromosomes 3 and 4; 6 on chromosome Z; 5 on chromosome 5; 4 on chromosomes 6, 7, 9, and 10; and 2 on chromosome 8. The average marker interval on the 11 largest chromosomes, based on the linkage map generated from marker data on this population, was approximately 37 cM and ranged from 5.3 cM to 100 cM. The number of alleles per marker ranged from 2 to 11. For amplification of each microsatellite for each individual, the PCR reagents used were 2 mM MgCl 2 , 0.2 mM deoxynucleotide triphosphate, 0.05 mM of forward primer, reverse primer, and labeled M13 primer (Oetting et al., 1995) , 0.02 units of Taq polymerase per microliter of solution, and 2 L of genomic DNA. For reactions that did not yield product using the M13 primer, 0.2 M of forward and reverse primers were used for direct PCR. Genomic DNA was diluted 10-to 100-fold (approximately 1 to 10 ng/L) before adding to the reaction, based on degree of amplificability of a particular microsatellite or DNA sample. The total PCR reaction volume was 12 L. Electrophoresis was performed on the LI-COR system (DNA Sequencer model 4000, LI-COR Biotechnology, Lincoln, NE) with manual scoring of genotypes.
Statistical Analyses
Generation of the Linkage Map. Cri-map (Green et al., 1994 ) was used to derive linkage maps for all chromo-somes. All options were used to order markers and to obtain distances between markers. QTL Analyses. Two general groups of least squares interval mapping models were used for QTL detection on the autosomal chromosomes. For all models, fixed effects were F 1 sire (n = 7), sex (n = 2), and hatch (n = 3). Group 1 models consisted of 3 models, as described by Kim et al. (2005a,b) : an LC model, an HS model, and a combined (CB) model that included coefficients from both the LC and HS models. These models were based on the least-squares regression models of Haley et al. (1994) and Knott et al. (1996) . Following Kim et al. (2005a,b) , the models, fitted at each 1 cM position along the 11 largest chromosomes, were
where y ij is the phenotype of F 2 individual j from F 1 sire i, X ij is the design matrix, and b is the vector of coefficients for fixed effects, s i is the effect of the F 1 sire i, and e ij is the residual error. In the LC and CB models, a and d are estimates of the additive and dominance effects contrasting the sire line and dam line QTL alleles. Coefficients P a(ij) and P d(ij) are the line-origin coefficients for each animal at a given position conditional on flanking marker genotypes. Following Haley et al. (1994) , P a(ij) for an individual is the difference between the probabilities of being homozygous for the QTL allele that originated from line 1 vs. line 2, and P d(ij) is the probability of an individual being heterozygous for line origin QTL alleles. Following Knott et al. (1996) , α HS and α CB in the HS and CB models, respectively, are the allele substitution effects for a given sire, and P S(ij) is the probability that an F 2 offspring received one QTL allele vs. the other QTL allele from its F 1 sire. Each model was fitted across the chromosomes of interest. When at least one of the models was significant (chromosome-wise P = 0.05), a decision tree was used to define the segregation type of the QTL, following Kim et al. (2005a,b) : the QTL is fixed for alternate alleles in the 2 parental lines (LC QTL); the QTL is not fixed in the parental lines but has similar allele frequencies in the 2 parental lines (HS QTL); or the QTL is not fixed in the parental lines but has different allele frequencies between the parental lines (CB QTL). The decision tree was as follows: 1) An LC QTL was declared if the QTL was significant (chromosome-wise P = 0.05) in the line-cross model, but the lack of fit test between the LC and CB model (at the most likely LC QTL position) was not significant (comparison-wise P = 0.05); 2) An HS QTL was declared if the QTL was not significant (chromosome-wise P = 0.05) in the LC model, was significant in the HS model (chromosome-wise P = 0.05), and the lack of fit test between the HS and CB model (at the most likely HS QTL position) was not significant (comparison-wise P = 0.05); and 3) A CB QTL was declared if the QTL was significant in the CB model (chromosome-wise P = 0.05) and was not defined as an LC or HS QTL in the first 2 steps.
Significance thresholds used to detect QTL were determined empirically, as described later. The overall significance level of a QTL was determined using the model that corresponded to the classification of the QTL (i.e., LC, HS, or CB).
The second group of QTL models (group 2) consisted of models to detect parent of origin QTL, following Thomsen et al. (2004) and Kim et al. (2005a) . The base model was the LC model with Mend expression from the group 1 models (described previously). The second model in this group was the full (partial) expression model (Full):
where y ij , X ij , b, s i , and e ij are as defined previously, and a pat , a mat , and d are the paternally inherited, maternally inherited, and dominance QTL coefficients, respectively. Coefficient P pat(ij) is the probability of animal j inheriting a line 1 allele vs. a line 2 allele from its sire i, P mat(ij) is the probability of animal j inheriting a line 1 allele vs. a line 2 allele from its dam, and P d(ij) is the probability of animal j being heterozygous. The next models in this group are the paternal (Pat) and maternal (Mat) expression models, and the null model: paternal expression model: y ij = X ij b + s i + a pat P pat(ij) + e ij , maternal expression model: y ij = X ij b + s i + a mat P mat(ij) + e ij , null model:
where all terms are as defined previously. All models were tested at each 1-cM position along the chromosomes.
To define a QTL as a Mend, Full, Pat, or Mat expression QTL, the following decision tree, which was based on the tree used by Thomsen et al. (2004) and Kim et al. (2005a) A paternally (maternally) expressed QTL is one that shows a significant allelic effect when inherited from F 1 sires (dams) without showing a significant allelic effect when inherited from F 1 dams (sires). A partially expressed QTL is one that shows an allelic effect when inherited from F 1 sires and F 1 dams, but the effect is different depending on the sex of the F 1 parent from which it was inherited.
This decision tree differs from that used by Thomsen et al. (2004) and Kim et al. (2005a) ; in the current study, if no QTL were detected with the Mend or Full models, the Pat and Mat models are each tested against the null model, and a Pat or Mat QTL was declared if the Pat or Mat test was significant. All significance thresholds used for these tests to determine presence and type of QTL were empirically determined chromosome-wise P = 0.05, as described later. The overall significance level reached by a QTL was determined using the model that corresponded to the classification of the QTL (i.e., Mend, Full, Pat, or Mat).
For all models, the estimated proportion of phenotypic variance explained by a detected QTL was calculated, following Kim et al. (2005b) , by comparing the reduction of the residual sums of squares with and without fitting the QTL in the model. The Z chromosome was analyzed only with the HS model using QTL Express (Seaton et al., 2002) and followed only the effects of the alleles inherited from the F 1 sires averaged over the Z or W alleles inherited from the dams. Identification of 2 QTL was declared for a trait when peak F-values were ≥40 cM apart. 
Significance Thresholds
Empirically derived significance thresholds for all 16 traits from 1,000 permutations were found to be quite similar (data not shown) for a given chromosome. Therefore, the same threshold was used for all traits on a given chromosome. To derive these thresholds, F-values from all 1,000 permutations from each of the traits were combined, by chromosome, totaling 16,000 permutations per chromosome. As suggested by Thomsen et al. (2004) for the parent of origin models, significance tests with the same degrees of freedom had similar significance thresholds, so empirically derived thresholds for Pat vs. null were used for Full vs. Mend, and empirically derived thresholds for Mend vs. null were used for Full vs. Pat and Full vs. Mat.
In addition to chromosome-wise significance thresholds, experiment-wise significance thresholds were also computed for each trait. Following de Koning et al. (2001) P experiment-wise = 1 − (1 − P chromosome-wise ) 1/r where r = (distance between first and last markers on a chromosome)/(total genomic coverage on all 11 chromosomes).
This formula was solved for P experiment-wise = 0.05 and 0.01 to get the equivalent P chromosome-wise thresholds and F-values corresponding to those thresholds.
RESULTS
Phenotypic Analyses
The phenotypic correlations between the 16 traits measured and the means and standard deviations of the traits from the 430 F 2 individuals in the genotypic analysis are shown in Table 2 . The WM% had a low phenotypic correlation with HW, BW, TPL, and WIOG (0.06, 0.07, 0.07, and 0.13, respectively), a negative correlation with FAT and FAT% (−0.12 and −0.13, respectively), a correlation of 0.47 with CS, and moderate to high correlations with the other carcass and percentage traits (0.35 to 0.97).
Linkage Map
The estimated linkage map positions of the markers based on the experimental population are shown in Table  1 , along with approximate positions obtained from the consensus linkage map. Estimated distances between the first to the last marker on a chromosome were shorter than consensus map distances for all chromosomes except Gga 3.
QTL Analyses
Results from all models are presented in Table 3 . For the 16 traits, 68 QTL were identified at the 5% chromosome-wise level, ranging from 1 to 7 QTL per trait. Ten QTL reached 5% experiment-wise significance, and one QTL, on Gga 5 for FAT%, reached the 1% experimentwise significance. In Table 3 , a positive effect indicates that the allele conferring the larger trait value was inherited from line 1.
LC, HS, and CB Models
For the QTL detected using the LC, HS, and CB models, 5 were classified as segregating both between and within lines (CB QTL), 18 were classified as segregating only within lines (HS QTL), and 25 were classified as segregating only between lines (LC QTL; Table 3 ). With these models, WM% QTL were identified on Gga 3 and 6 at the 5% chromosome-wise significance level, on Gga 5 at the 1% chromosome-wise significance level, and on Gga 2 at the 5% genome-wise significance level. Shown in Figures 1 and 2 are QTL graphs for traits for which significant QTL were found on Gga 3 and 5, respectively, using the LC, HS, and CB models. In these graphs, significance and thresholds are expressed as −LOG 10 (comparison-wise P-value), which makes thresholds comparable across models. Gga 3 and 5 were the 2 chromosomes with the most QTL. Gga 3 appears to have 2 QTL regions, 1 near 0 cM and 1 near position 225 cM.
Parent of Origin Models
Twenty QTL showed parent of origin expression effects. Of these 20 QTL, 2 showed partial expression, 3 were expressed maternally, and 15 were expressed paternally (Table 3) . Parent of origin WM% QTL were identified on Gga 2 and 3 at the 5% chromosome-wise significance level. On Gga 3, there were 3 regions at approximately 50, 150, and 225 cM (Figure 3 ) with parent of origin effects. On Gga 5, a single region at approximately 50 cM ( Figure  4 ) with parent of origin effects was identified. Other regions with parent of origin effects were found on Gga 2 and 7 (Table 3) .
DISCUSSION
Identified QTL
For the 16 traits, 68 QTL were identified in the current study at the 5% chromosome-wise level. Of those, 42 affected BW or carcass components of BW, 24 affected carcass composition percentage traits, 1 affected CS, and 1 affected TPL. A QTL was defined in the current study as being significant at the 5% chromosome-wise level for a given trait. Because many of the traits are highly correlated, it is likely that QTL identified for multiple traits in the same region represent a single pleiotropic QTL. Further investigation of these regions, by fine mapping and identification and further analysis of candidate genes, may help to determine which of these regions contain a single pleiotropic QTL and which contain multiple QTL.
Only QTL significant at the 5% experiment-wise level (n = 10) will be further discussed here. On Gga 1 and Gga 5, QTL for FAT and FAT% were identified in the same regions. Because of the high phenotypic correlation between these 2 traits (0.94), it is expected that these represent pleiotropic QTL. This high correlation also means that FAT is relatively independent of HW, which is also indicated by the fairly low correlation between the 2 traits (0.2). Although the correlation between FAT and FAT% is very close to what Zerehdaran et al. (2004) found (0.93), the correlation in the present study between FAT and HW is much less than was found by Zerehdaran et al., 2004 (0.45) . Near the region for the FAT and FAT% QTL on Gga 5, a QTL affecting FNTH% was also identified. The correlation of FNTH% with FAT and FAT% was very low (−0.04 and −0.03, respectively), FAT was not included in the FNTH, and there is approximately 20 cM between the QTL, so 2 QTL are likely segregating in this region.
Several QTL affecting the economically valuable trait WM% were identified in the present study. One QTL on Gga2 was detected with the CB model and reached the 5% experiment-wise threshold. This QTL had a negative effect, meaning that the favorable allele (higher WM%) had a higher frequency in the line 2 (dam line) grandparents than in the line 1 (sire line) grandparents, which is unexpected since the dam line had lower WM% (cryptic QTL). Another QTL affecting WM% detected near this region was classified as being maternally expressed and was also cryptic. Four other regions were identified that had less significant associations with WM%: 2 on Gga 3 (5% chromosome-wise level), 1 on Gga 5 (1% chromosome-wise level), and 1 on Gga 6 (5% chromosome-wise level). The favorable alleles of both of the QTL on Gga 3 originated from line 1, and the QTL on Gga 5 was cryptic. Since the QTL on Gga 6 was classified as a HS QTL, a separate QTL effect was estimated for every F 1 sire. For 4 of the F 1 sires, the favorable allele was inherited from line 1 (effect estimates were 0.11, 0.66, 1.19, and 1.43%), and for the other 3 F 1 sires the favorable allele was inherited from line 2 (effect estimates were −0.03, −0.37, and −1.69%).
Comparison with Other Studies and Candidate Genes for QTL
Only QTL significant at the 5% experiment-wise level of the current study (n = 10) will be discussed here. Comparisons will be limited to reported QTL in literature that reached a 5% genome/experiment-wise significance threshold. On Gga 1, QTL affecting FAT (168 cM) and FAT% (155 cM) were identified in the current study. Ikeobi et al. (2002) identified a QTL at nearly the same position (150 cM) affecting FAT adjusted for BW. Two likely candidate genes in this region are sterol regulatory element binding protein-2 (Brown and Goldstein, 1997; Assaf et al., 2004 ) and insulin-like growth factor-I (Zhou et al., 2005) because of their effects on fat metabolism. On Gga 2, a QTL affecting WM% (86 cM) was identified in the present study. To date, no other QTL in this region affecting WM% have been reported. Interleukin-6 is a good candidate gene in this region because it has been shown to affect skeletal muscle atrophy (Haddad et al., 2005) . On Gga 2, a QTL affecting WIOG% (163 cM) was identified, which has not been reported in other studies. The insulin-like growth factor binding protein-1 gene is in this region and is a likely candidate gene because the insulin-like growth factor system has been shown to be associated with various growth traits (e.g., Yun et al., 2005) . Two QTL were identified on Gga 3 for TEN (9 and 51 cM). Carlborg et al. (2003) , Kerje et al. (2003) , and Siwek et al. (2004) found QTL in the same regions for BW and growth rate. The calpain gene is in this region, and calpain activity has been shown to be associated with the differences in breast muscle between broilers and layers (Schreurs et al., 1995) . The current study identified a QTL on Gga 3 affecting FNTH (234 cM). Carlborg et al. (2003) , Kerje et al. (2003), and de Koning et al. (2004) identified a QTL in this region affecting BW. The Mprotein gene is in this region, and M-protein is a structural constituent of skeletal muscle (Noguchi et al., 1992) . The present study identified 3 QTL on Gga 5 affecting FNTH% (48 cM), FAT% (64 cM), and FAT (67 cM). Ikeobi et al. (2002) found QTL in this region for FAT and FAT adjusted for BW. The insulin-like growth factor-2 (Yokomine et al., 2001 ) and proinsulin (Perler et al., 1980) genes are good candidates in this region because of their effects on fat metabolism. The current study identified a paternally expressed QTL on Gga 3 affecting several growth and carcass traits. Tuiskula-Haavisto et al. (2004) also identi-fied a QTL in this region showing paternal expression affecting egg weight, providing additional evidence that this is truly an imprinted QTL. Examples of methods and successes of identifying positional candidate genes based on previously identified QTL locations are reviewed by Mackay (2001 Mackay ( , 2004 , Abiola et al. (2003) , and Rothschild (2004) .
The present study verified several QTL in commercial lines, which were identified in previous studies of experimental or commercial lines. It is important to verify putative QTL in multiple populations to provide confidence that the QTL are real and to verify segregation of the QTL in commercial lines (de Koning et al., 2003 . However, additional new QTL were identified in the current study, including QTL affecting WM%. Although it is encouraging that identified QTL regions continue to be associated with the traits across studies, it is expected that many QTL will not be consistently identified across studies. Inconsistent results between studies can occur for many reasons, including differences in power, differences in markers used, choice of statistical models, and most importantly, the use of different populations.
Use of Multiple Models
The use of multiple models was advantageous for identifying QTL. When using an F 2 cross between noninbred lines, it is likely that some QTL will be differentially fixed between the parental lines, and some QTL will not. The use of the LC, HS, and CB models was successful in identifying QTL that were segregating in different patterns within the cross. The QTL affecting WM% detected with the HS model on Gga 6 was a good example of the value of using multiple models. The estimated effects of this QTL ranged from −1.69 to 1.43% within the F 1 sires, and the QTL was not detected using the LC model. Using the parent of origin models allowed the detection of some QTL that were not identified with the group 1 models. The results of the current analyses also provide evidence supporting the existence of imprinting in chickens.
In conclusion, several new QTL, as well as ones verifying previous studies, were identified in the present study. The new QTL identify genome regions harboring genes or closely linked markers that can be included in selection programs to enhance the genetic improvement of broiler chickens. The most useful QTL for selection are the ones affecting traits that are difficult or expensive to measure, or traits for which birds need to be slaughtered (i.e., carcass traits). The identified QTL that affect WM% are particularly promising for marker-assisted selection because of the economic importance of this trait in the broiler industry. The complete draft of the chicken genome will greatly aid in identification of the causative genes affecting these traits (Hillier et al., 2004; Wong et al., 2004) .
